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ABSTRACT

ABSTRACT

Keywords: box column, Electroslag welding, equivalent plastic strain, ultrasonic tests

Moment connections formed by box column and wide flange beams are extensively
used in the steel buildings in Taiwan. The diaphragms inside a box column are installed at
the same elevations where the beam flanges are connected to the column. For each
diaphragm, there are four connections between the sides of the diaphragm and its adjacent
column flanges. In the Taiwan structural steel fabrication practice, it is commonly seen that
at least one pair of the diaphragm-to-column flange (D-to-CF) connections in a diaphragm
are fabricated by using the Electroslag welding (ESW) details. However, many past
experimental results show that, for a beam-to-column connection with the ESW joints, there
is approximate a 25% chance of a brittle fracture occurring near the heat affected zone
(HAZ) of the ESW. Therefore, the objectives of this research include: (1) understanding the
mechanical behaviors of the ESW D-to-CF connection in the box column and (2) suggesting
refined fabrication details for the ESW in order to avoid the brittle damage and to enhance

the seismic performance of the beam-to-box connection.

The results of finite element analysis, ESW member tests, and full-scale
beam-to-column tests represent that the equivalent plastic strain (PEEQ) obviously increase
when eccentricities of ESW or beam flange were happened. And column plate damage from
tensile flange would took place easily when the eccentricity between the diaphragm and
beam flange reaches 25 mm. This damage is the brittle fracture and strength suddenly gone.
In addition, it is concluded as follows from fabrication, ultrasonic tests, and dissecting of
ESW with 28mm column plate and 25mm diaphragm. (1) when the eccentricity between the
guide tube of ESW and melting pool center reaches 3 mm, the actual eccentricity is not
3mm. (2) the comparison results between melt range from UT test using different size and
frequency of detectors and real melt range shows using 10mm and 5MHz detector obtain

more accurate ultrasonic test results.

XIX
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%31 #FHMRCIBREHHEBA 2

. Fy Fu Elongation B

(MPa)
Flange |387.50 513.55 28.50 1.33
RC13 0.90 0.95 1.06
Web 430.66 540.53 23.93 1.26

* Gauge Length =200 mm
(FH kR 53 % > 2010)

4324 ARk

ESW3 # 2 & ESW £-: B# £ R¥ArBBE A w ik
(mm) (mm) (mm) h
38 5+-3-0~+3-45 0-8-~16-25 +20%
41 5--3-0-+3++45 0-8-16-25 X 20
44 -8--5--3-0-+3-+5-+8| 0-8-16-~25 284

(FR kik : £ 5 A1F)
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350

Stress (MPa) Stress (MPa)
A
/éo.O{
480
E=200GPa  pjastic E=200GPa  pjastic
v=0.3 Strain v=0.3 Strain
SN490B Material Welds (SAC 1999)
B33 %24 A4 % 2 i

ki
TR R D 2 g A1)

—~

LA F A A AT

Bl 3-4 ESW &3 2 /& + /] 3k
(FR kik : £m5 A1F)

D=38mm D=41mm D=44mm
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Location | & & t (mm) |F, (MPa)|F, (MPa) [Elongation (%)*| YR=F,/Fy
Flange 25 346.78 | 513.65 30.2 1.48
Column 28 329.79 | 516.49 29.0 1.57

* Gauge Length =200 mm

(FAL % 2575 0 1F)
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251 FMBHEE A2 Fdki

Spec. BC1 BC2
Beam Section H 800x300x14x25
L*(mm) 4500
Column Section BOX 750x750x28
H(mm) 4000
Diaphragm Thickness(mm) 25
t of shear tab(mm) 22
Bolts(M24-S10T) 2x8
Backing Bar Steel
a (mm)® 365(T : 360 ~ B : 362)%|365(T : 357 ~ B : 362)"
b (mm)® 80(T:82-B:84)" 80(T:79-B:80)"
c (mm)@ 250(255) * 250(255) *
d (mm)® 340(305) * 340(317)*
Thickness
8 8
of cover plate(mm)
a 0.96 0.96
oot E gt 2% 4 BY w2 FEAE
©, {}ii;&&r@58”’*:}‘
Foodhe BE S REE S Rl SRR RRE HY TA 2 EF 0B
TE ¥
(FHR KR 2 g 81F)
% 52 F 5%
spec. [Location | Y | FulFow | 0 | Ful Fuw | T OM9B0ON o RS VR YR
bec. MPa) | T Py | T e [ R |
BC1 | Flange |365.92 523.31 31.22 1.43
0.97 0.99 1.18 1.02
BC2 Web |378.67 532.19 26.50 1.41

* Gauge Length = 200 mm
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Spec. BC1 BC2
+ — + —
0 (% rad.) 5.00 5.00 3.01 3.00
0,(%rad) | 4.02 3.96 1.72 1.71
Po (kN) 947 962 891 905
Fer (KN) 763 763
Fpe (kN) 915 915
Py / Fpr 1.24 1.26 1.17 1.19
Py / Fpe 1.03 1.05 0.97 0.99
I TR R
B A5 G ERETH Bl T3y
R

(FAL % 2575 0 1F)
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MARK DESCRIPTION MATERIAL | QTY | WEIGHT ()
Ho ai 1 | BOX750x750x28x5785 SN490B 1 5.8
il af 2 | BHB00x300x14x25x4334 | SN490B 2 1.73
3 | PL15x500x750 SN490B 8 0.36
4 | PL25x357x418 SN490B 4 0.12
" ; 5 | PL22x180x640 SN490B 2 0.004
I 6 | PL8x340x365 SN490B 4 0.004
Ho o TOTAL WEIGHT 8.36
10
y 4324
w1 300
2 @ ]
ORI POSYNE 3
BHB00x300x14x25
oW N\ @

357 | 300 | 357

i il 10 80
[0 ol T4B FLC.%%j\ﬁO
1
AN

RE R Y
o o B RBAS

2

Fam R e a TR
s » **NCREE% % % i¢
FRS G AR T

120 7@80

BOX 750x750x28

"

B 51 F a4 BiER ARG EERT R
(G ol © AR g B 1)

0 0
0 0
0 0
0 0
Jo--1, N
1
1 1
[ ' E W
| :
HEZREFR e S
R BIEFE 0 0
0 0
0 0
0 0

BOX 750x750x28

B 52 3l e v iT
(FR kik : £ 5 81F)
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Material Test Program
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Hardness Test
SN490B
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Analysis Parameters of ESW ’
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CNT Test & SMCS Model

(Kanvinde & Deierlein, 2006)
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Hardness Test Results
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